Background: Most mammary Paget disease (MPD) is associated with underlying in
| INTRODUCTION
Paget disease (PD) is a rare cutaneous adenocarcinoma that targets mainly the nipple-areola complex (NAC) of the breast as well as the genital and perianal skin. 1 It is named after Sir James Paget, who reported that all of his patients developed breast cancer within 2 years after nipple changes was observed. Later, studies showed that approximately 82%-100% of mammary Paget disease (MPD) cases are associated with underlying in situ or invasive breast cancer, 2 and this observation supports the most accepted pathogenesis theory, which posits that Paget cells are ductal carcinoma cells that have migrated from the underlying ducts to the epidermis. 3, 4 According to underlying malignancy, MPD can be divided into three groups: PD with invasive ductal carcinoma (PD-IDC), PD with ductal carcinoma in situ (PD-DCIS), and PD of the nipple without concurrent breast cancer. 4 A previous study suggested that compared with IDC without PD, PD-IDC has more aggressive pathology characteristics, including higher grade, more advanced tumor stage, hormone receptor (HR)-negative status and human epidermal growth factor receptor 2 (HER2/neu)-positive status, [4] [5] [6] which may lead to poor prognostic outcomes and reduced survival. [7] [8] [9] Based on the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) data, PD-IDC has been found to be associated with worse prognosis than IDC alone, 10 and among the three subtypes of PD, PD-IDC has the worst prognosis. 7 Nevertheless, little is known about PD-DCIS clinicopathologic features and survival outcomes, especially the differences in these characteristics compared with those of DCIS alone. 11 Furthermore, how do these differences arise? Do these differences indicate a distinctive property and origin of MPD? There is a lack of relevant research into both questions.
In this study, we used population-based data to examine the effect of MPD on the clinicopathological characteristics and survival outcomes of both IDC and DCIS, further exploring the properties and origin of MPD.
| MATERIALS AND METHODS

| Data source
The SEER database contains cancer incidence and mortality data from 18 population-based registries that represent approximately 30% of the US population. We obtained data from the SEER database based on the November 2017 submission by using SEER*Stat software version 8.3.5.
| Patient selection
We used International Classification of Diseases for Oncology, third edition histology and behavior codes (ICD-O-3 Hist/behav) to identify patients. Based on the underlying breast cancer subtype, we examined two retrospective cohorts. Cohort 
| Study variables
Our main outcome of interest was survival. Overall survival (OS) and breast cancer-specific survival (BCSS: The percentage of patients who have not died from breast cancer, by NCI Dictionary of Cancer Terms) were calculated from the date of diagnosis to the last date of available vital status data. We also evaluated independent demographic and clinicopathological variables for each case, including age, race (white, black, and Hispanic/other/unknown), tumor location (classified as central/NAC or by quadrant), histological grade (grade 1, 2, 3, and 4), TNM stage (Adjusted AJCC sixth edition T, N, and M stages), HR status (estrogen receptor (ER)+/progesterone receptor (PR)+, ER+/PR-, ER-/PR+, and ER-/PR-), HER2/neu status, molecular subtype (Her2-/ HR+, Her2+/HR+, Her2+/HR-, and Triple Negative), type of surgery (breast-conserving surgery and mastectomy), radiotherapy use, and chemotherapy use.
| Statistical analysis
For the demographic and clinicopathological data, continuous variables such as age were compared using Student's t test, and categorical variables were compared using Pearson's chi-square test. Survival curves were generated according to the Kaplan-Meier method and compared using the log-rank test. Univariate and multivariate Cox proportional hazards regression models were constructed to analyze factors associated with survival in the patients with or without PD. Then, we performed Propensity Score Matching (PSM) to T A B L E 1 (Continued) (Continues) further evaluate the effect of PD on survival by adjusting for age, tumor location, tumor grade, T stage, N stage, HR status, HER2/neu status, and type of therapy (surgery, radiation, and chemotherapy). Statistical significance was set as a two-sided P-value < 0.05, and all confidence intervals (CIs) are reported at the 95% confidence level. All the statistical analyses were performed using SPSS version 25.0 statistical software (IBM Corp, Armonk, NY).
| RESULTS
In total, cohort 1 consisted of 1569 women who had PD-IDC and 467 004 control group women who had IDC alone, while cohort 2 contained 1489 women who had PD-DCIS and 144 699 control group women who had DCIS alone ( Figure  S1 ).
| Clinicopathological characteristics
The demographics and clinicopathological characteristics of the two cohorts are summarized in Table 1 .
In cohort 1, the PD-IDC patients and the IDC alone patients were similar in age at diagnosis and laterality. However, the patients who had PD-IDC were more likely to have more aggressive pathology characteristics, such as a higher histologic grade (61.5% of PD-IDC patients vs 39.0%, of IDC alone patients had Grade III/IV lesions, P < 0.001), more advanced AJCC stage (29.3% vs 12.1%, respectively, had stage III disease, P < 0.001), lower HR-positive ratio (55.7% vs 79.4%, respectively, had ER + or PR + cancer, P < 0.001), and higher HER2-positive ratio (63.5% vs 16.7%, respectively, P < 0.001), than the IDC alone patients. With respect to treatment, compared with the IDC alone group patients, the PD-IDC group patients were more likely to have received a total mastectomy without radiotherapy over a partial mastectomy with radiotherapy (P < 0.001).
In cohort 2, for PD-DCIS and DCIS, all measured variables were significantly different, and PD-DCIS tumors showed a more aggressive manner than DCIS tumors as well. Furthermore, a small portion of PD-DCIS tumors even demonstrated some invasiveness (16.9% of PD-DCIS tumors vs 0% of DCIS tumors were stage I-III carcinoma, P < 0.001).
| Survival analyses
| Kaplan-Meier analyses for survival
In cohort 1, the median length of follow-up was 71 months for the PD-IDC group and 68 months for the IDC group (P = 0.316). Kaplan-Meier curves comparing the survival times of the two groups are presented in Figure 1A a 5-year OS rate of 76.2% for the PD-IDC group vs 86.6% for the IDC group and a 10-year survival rate of 61.5% for the PD-IDC group vs 73.4% for the IDC group (P < 0.001). For BCSS, the 5-year and 10-year survival rates were 84.9% and 78.5%, respectively, in the PD-IDC group and 92.4% and 86.9%, respectively, in the IDC alone group (P < 0.001).
In cohort 2, the median follow-up time was similar in the two groups (PD-DCIS: 81 months, DCIS: 79 months, P = 0.446), and the PD-DCIS patients showed a lower survival rate than the DCIS patients. The 5-year and 10-year OS rates for the PD-DCIS group were 88.6% and 74.4%, respectively, and the corresponding survival rates for the DCIS group were 95.6% and 87.3% (P < 0.001)( Figure 1C) . In addition, the 5-year BCSS rates were 98.2% and 99.4% in the PD-DCIS group and the DCIS group, respectively, while the 10-year BCSS rates were 96.3% and 98.3% in the PD-DCIS group and the DCIS group, respectively (P < 0.001) ( Figure  1D ). The survival comparison of the two PD-DCIS types is presented in Figure S1 and shows that the prognosis of the 8543/3 group was worse than that of the 8543/2 group. Table 2 shows the log-rank test results of different indicators associated with the breast cancer-specific mortality of breast cancer. For PD-IDC, the significant factors were age at diagnosis (P < 0.001), race (P = 0.021), tumor location (P = 0.012), tumor grade (P < 0.001), AJCC stage (P < 0.001), T stage (P < 0.001), N stage (P < 0.001), surgery type (P = 0.004), and radiotherapy use (P = 0.049). In contrast to the results for the IDC group, HR status, HER2 status, and molecular subtype were not associated with prognosis in the PD-IDC group. For PD-DCIS, only age at diagnosis (P < 0.001), tumor grade (P = 0.005), AJCC stage (P < 0.001), T stage (P = 0.002), N stage (P < 0.001), and chemotherapy use (P = 0.013) significantly affected mortality, and these prognostic factors differed from those for the DCIS group.
| Cox proportional hazards models for mortality
Next, we performed multivariate Cox proportional hazards regression analysis with the variables with P-values less than 0.1 in the univariate analyses to compute hazard ratios and 95% CIs, (Table 3 ). In the PD-IDC group, the significant indicators of disease-specific mortality were age at diagnosis (P < 0.001), race (P = 0.018), tumor location (P = 0.024), tumor grade (P = 0.001), T stage (P < 0.001), and N stage (P < 0.001). In the PD-DCIS group, the variables that had prognostic significance were age at diagnosis (P < 0.001), T stage (P = 0.005), and N stage (P < 0.001). In addition, among the 1305 PD-DCIS patients with sufficient information, only 36 patients died of breast cancer, which may influence the reliability of the multivariate analysis.
| Survival analyses for matched cohorts
Using the PSM program, we matched two groups by adjusting for age, tumor location, tumor grade, T stage, N stage, ER status, HER2/neu status, and type of therapy (surgery, radiation, and chemotherapy)(Supplemental file-PS matching). Then, Kaplan-Meier analyses were conducted to study the effect of PD on survival. In cohort 1, both OS and BCSS showed no significant differences (P = 0.564 and P = 0.189, respectively) between the PD-IDC group and the IDC group after matching tumor characteristics and treatment approaches (Figure 2A and 2) . Similarly, no significant differences in OS and BCSS were found (P = 0.542 and P = 0.302, respectively) between the PD-DCIS group and the DCIS group in cohort 2 ( Figure 2C and 2).
T A B L E 2 Survival analyses-univariate analyses
| Comparison among the three types of DCIS
A comparison between the two types of PD-DCIS ("Paget disease in situ and intraductal carcinoma [8543/2]" and "Paget disease and intraductal carcinoma [8543/3]") and DCIS was conducted. The results showed that the 8543/3 group displayed a higher histological grade (66.2% of patients with 8543/3-coded disease vs 57.1% of patients with 8543/2-coded disease had Grade III/IV lesions, P = 0.036) and more advanced AJCC stage (31.8% of patients with 8543/3-coded disease vs 0% of patients with 8543/2-coded disease had stage I-III cancer, P < 0.001) ( Table S1 ). The survival comparison of the three types of DCIS is presented in Figure S1 and shows that the prognoses of the groups were significantly different, with the 8543/3 group having the worst prognosis. After matching tumor characteristics and treatment approaches, there were no differences in both OS and BCSS among the three groups ( Figure S2 ).
| DISCUSSION
In the present study, we analyzed the clinicopathological characteristics and survival outcomes of PD with underlying breast cancer by comparing PD with underlying breast cancer to breast cancer without concomitant PD. Our findings suggest that PD-DCIS and PD-IDC have poor tumor characteristics, including high-histological grades, advanced AJCC stages, low HR-positive ratios, and high HER2-positive ratios. Moreover, our results confirmed that concurrent PD was associated with worse OS and BCSS than breast cancer without PD in both IDC and DCIS patients. In addition, we also found that contrary to popular belief, the HR status, HER2 status and combined molecular subtype could not affect the prognosis of breast cancer with PD. After matching tumor characteristics and treatment approaches, we demonstrated that PD appeared to alter the prognosis of DCIS but not that of IDC. Finally, by comparative analysis, we found that the disease in some patients with 8543/3-coded PD-DCIS exhibited many invasive behaviors, and this disease type was associated with worse survival outcomes than the other tested diseases.
Since its discovery in the 19th century, MPD has been found to correlate with underlying breast cancer. More recently, studies have shown that most MPD is accompanied by malignancy in the breast, which provides strong evidence for the generally accepted epidermotropic pathogenesis theory, which posits that ductal cancer cells migrate along the basal membrane of the nipple to form Paget cells. 12 Nevertheless, our research suggested that not only PD-IDC but also PD-DCIS differed dramatically from the corresponding breast cancer without PD in terms of tumor characteristics and survival outcomes, hinting at another pathogenesis theory that posits that MPD develops in situ in the major lactiferous sinuses. [6] [7] [8] [9] Further genomic and proteomic studies may be needed to illustrate more of the intrinsic properties of PD and to explore the cell source and origin site of PD. In the SEER database, there are two types of PD-DCIS, "Paget disease in situ and intraductal carcinoma (8543/2)" and "Paget disease and intraductal carcinoma (8543/3)," which were previously thought to be the same disease. A prior study with a limited number of subjects compared MPD with dermal invasion (invMPD) to non-invMPD and found that dermal MPD invasion did not predict regional lymph node metastasis or a poor prognosis. 13 The newest National Comprehensive Cancer Network (NCCN) guidelines do not distinguish the two types of PD-DCIS either and instead classify them as noninvasive breast cancer.
14 However, our results indicated that only the PD in situ and intraductal carcinoma (PDIS-DCIS, 8543/2) group conformed to the characteristics of noninvasive cancer, T A B L E 2 (Continued) including a negative lymph node status and good survival outcomes, while the PD and intraductal carcinoma (8543/3) group demonstrated strong invasiveness, as indicated by a positive lymph node status and poor prognosis, which is consistent with the results of another prior study. 7 Given that PDIS-DCIS accounts for only a small proportion of DCIS with PD patients (28.1% in this study), it is necessary to differentiate these diagnoses and consider more aggressive treatment, such as surgical axillary staging and chemotherapy, for the 8543/3 group. In agreement with previous studies, this study verified that PD-IDC and PD-DCIS have a more negative HR ratio and more positive HER2 ratio than the corresponding cancers without PD. [6] [7] [8] [9] 15, 16 irrelevant to the prognoses of both PD-IDC and PD-DCIS. However, only the patients diagnosed after 2010 had a HER2 status and molecular subtype record in the SEER database, which might affect the accuracy of the Cox regression analysis. Nevertheless, as the HR status of most subjects was complete (89.5% of the PD-IDC patients and 61.7% of the PD-DCIS patients), its abnormal relationship with prognosis could not be explained by a systematic error. To the best of our knowledge, this is the first time this phenomenon has been described in a large population-based study, and more correlative data are needed to prove this observation and illustrate the causation of the phenomenon. More than two-thirds of breast cancers are ER-positive, while the rate in PD is much less than that. In SEER database only about half of MPD express ER. Several previous studies reported MPD expresses ER only in 10% of cases. 17, 18 Similarly, the ER-positive rate in extramammary Paget's disease(EMPD) was demonstrated at the range of 4%-19%. 18, 19 On the other hand, both MPD and EMPD had a relatively high rate of androgen receptor (AR) expression and antiandrogen therapy was an effective treatment for EMPD. 19, 20 The different expression pattern of steroid hormone receptors suggests that maybe ER expression is not so important in MPD as in other types of breast cancer, which may be one explanation for our surprised finding. So far, there is no such study that specifically focused on the relation between molecular subtype and prognosis as well as the effect of hormone therapy and anti-Her2 therapy in MPD. In SEER database, most of the Her2 status is unknown and the data of hormone therapy and anti-Her2 therapy were not available, therefore, further studies are needed to confirm our unexpected discoveries and explore the causation of them. After adjusting for other tumor characteristics and treatment approaches, we found that PD alone was not associated with inferior survival both in IDC and DCIS, 10 supporting the consensus that the treatment strategy for MPD should be determined by the underlying breast cancer. 4, 14, 21, 22 Due to the high rate of false-negative imaging findings and high incidence of multicentric or multifocal in situ and invasive carcinomas, the traditional surgery for PD is mastectomy with or without axillary dissection. 12 In this study, the univariate Cox regression analysis results showed that partial mastectomy was associated with a better prognosis in PD-IDC despite no significant difference in the multivariate analysis, and there was no significant difference between partial mastectomy and mastectomy in the PD-DCIS survival analysis. Therefore, breast-conserving therapy is a feasible treatment option in selected patients. 23 In addition, surgical axillary lymph node staging is a standard treatment for PD-IDC, but its use is controversial in PD-DCIS. 14, 24 Based on our finding that some PD-DCIS patients were lymph node positive, the consideration of surgical axillary staging is necessary. Regarding systemic adjuvant therapy, there have been few investigations and studies in PD, and the current consensus is to refer to the approach for the corresponding breast cancer without PD. In view of our surprising finding that the HR status and the HER2 status were irrelevant to the survival outcomes of PD, further study is needed to determine appropriate systemic treatment approaches. Our study is not devoid of limitations. First, SEER database records do not contain data on HER2 status and molecular subtype until 2010, which may represent a selection bias in the survival analysis. Second, owing to the excellent prognosis of PD-DCIS, only 36 of the 1305 PD-DCIS patients in this study died of breast cancer, which may influence the reliability of the survival analysis. Third, the lack of information regarding systemic adjuvant treatments, particularly hormonal therapies and Her2-targeted therapies, makes it difficult to further investigate the observation that the HR status and the HER2 status were not associated with the survival outcomes of PD.
In conclusion, we found that PD-IDC and PD-DCIS had more aggressive tumor characteristics and worse survival than the corresponding breast cancer without PD. Nevertheless, after adjusting for tumor characteristics and treatment approaches, PD was related to poor prognosis in only DCIS. Moreover, some PD-DCIS cases exhibited many invasive behaviors and were associated with higher mortality. Finally, contrary to popular belief, the HR status and the HER2 status could not affect the prognosis of breast cancer with PD.
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